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© A feedthrough filter capacitor assembly and re- 
lated installation method are provided for shielding a 
conductive terminal pin or lead of the type used, for 
example, in an implantable medical device such as a 
heart pacemaker or defibrillator, against passage of 
external interference signals. The feedthrough as- 
sembly includes a terminal pin subassembly having 
at least one terminal pin supported within a cylin- 
drical conductive ferrule by a hermetically sealed 
insulator ring. The ferrule is adapted for mounting 
onto a conductive pacemaker housing, as by welding 
or brazing, to support the terminal pin for feedth- 
rough passage to the housing interior. A co-axial 
filter capacitor Is mounted at an inboard side of the 
pacemaker housing, with capacitor electrode plate 
sets coupled respectively to the pacemaker housing 
and to the terminal pin by a conductive adhesive or 
the like. In one preferred form, multiple filter capaci- 
tors are provided In a substantially cop tan ar array 
within a common base structure, with each capacitor 
in association with a respective terminal pin. 
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BACKGROUND OF THE INVENTION 

This invention relates generally to Improve- 
ments in feedthrough terminal pin assemblies and 
related methods of installation, particularly of the 
type used in implantable medical devices such as 
heart pacemakers and the like to decouple u ro- 
de si red interference signals from the device. More 
specifically, this invention relates to an improved 
feedthrough terminal pin and capacitor assembly 
and related installation method, including one or 
more filter capacitors, and adapted particularly for 
use in connecting a lead wire or electrode through 
a hermetically sealed housing to internal electronic 
components of the medical device while decoupl- 
ing interference signals against entry into the seal- 
ed housing. The invention is particularly designed 
for use in heart pacemakers (bradycardia), defibril- 
lators (tachycardia), and combined pacemaker de- 
fibrillator devices. 

Feedthrough terminal pin assemblies are gen- 
erally known in the art for connecting electrical 
signals through the housing or case of an elec- 
tronic instrument. For example, in implantable 
medical devices especially such as a heart pace- 
maker or defibrillator or the like, the terminal pin 
assembly comprises one or more conductive termi- 
nal pins supported by an insulator structure for 
feedthrough passage from the exterior to the inte- 
rior of the medical device. Many different insulator 
structures and related mounting methods are 
known in the art for use in medical devices wherein 
the insulator structure also provides a hermetic seal 
to prevent entry of body fluids into the housing of 
the medical device. However, the feedthrough ter- 
minal pins are connected to one or more lead wires 
which effectively act as an antenna and thus tend 
to collect stray or electromagnetic interference 
(EMI) signals for transmission to the interior of the 
medical device. In some prior art devices, the 
medical device has included ceramic chip capaci- 
tors which have been added to the internal elec- 
tronics of the device in an effort to filter and thus 
control the effects of such interference signals. 
This internal, so-called O on-board w filtering tech- 
nique has potentially serious disadvantages due to 
intrinsic parasitic resonances of the chip capacitors, 
in combination with permitting EMI entry into the 
interior of the device housing. In another and nor- 
mally preferred approach. A filter capacitor has 
been combined directly with the terminal pin as- 
sembly to decouple interference signals to the 
housing of the medical device. 

In a typical construction, a coaxial feedthrough 
filter capacitor used in a feedthrough assembly to 
suppress and decouple undesired interference or 
ndse transmission along a terminal pin comprises 
a so-called discoidal capacitor having two sets of 



electrode plates embedded in spaced relation with- 
in an insulative substrate or base, formed typically 
as a ceramic monolith. One set of the electrode 
plates is electrically connected at an inner diameter 

5 surface of the discddaJ structure to the conductive 
terminal pin utilized to pass the desired electrical 
signal or signals. The other or second set of elec- 
trode plates is coupled at an outer diameter sur- 
face of the discoidal capacitor to a cylindrical fer- 

io rule of conductive material, wherein the ferrule is 
electrically connected in turn to the conductive 
housing or case of the electronic instrument. In 
operation, the discoidal capacitor permits passage 
of relatively low frequency electrical signals along 

15 the terminal pin, while shunting and shielding un- 
desired interference signals of typically high fre- 
quency to the conductive housing. Feedthrough 
capacitors of this genera) type are commonly em- 
ployed in implantable heart pacemakers and de- 

20 fibrilJators and the like, wherein the pacemaker 
housing is constructed from a conductive biocom- 
patible metal, such as titanium alloy which is elec- 
trically coupled to the feedthrough filter capacitor. 
As a result, the filter capacitor and terminal pin 

25 assembly prevents entry of interference signals to 
the interior of the pacemaker housing, wherein 
such interference signals could otherwise adversely 
affect the desired heart pacing of defibrillating func- 
tion. 

30 In the past, feedthrough filter capacitors for 
heart pacemakers and the like have typically been 
constructed by preassembly of the discoidal ca- 
pacitor with a terminal pin subassembly which in- 
cludes the conductive terminal pin and ferrule. 

35 More specifically, the terminal pin subassembly is 
prefabricated to include one or more conductive 
terminal pins supported within the conductive fer- 
rule by means of a hermetically sealed insulator 
ring or bead. See, for example, the terminal pin 

to subassemblies disclosed in U.S. Patents 3.920,888. 
4,152.540; 4,421.947; and 4,424.551. The terminal 
pin subassembly thus defines a small annular 
space or gap disposed radially between the inner 
terminal pin and the outer ferrule. A small discoidal 

46 capacitor of appropriate size and shape is then 
installed into this annular space or gap, in conduc- 
tive relation with the terminal pin and ferrule, by 
means of soldering, conductive adhesive, etc. The 
thus-constructed feedthrough capacitor assembly is 

60 then mounted within an opening in the pacemaker 
housing, with the conductive ferrule in electrical 
and hermetically sealed relation with the housing of 
the medical device. 

Although feedthrough filter capacitor assem- 

66 bites of the type described above have performed 
in a generally satisfactory manner, the manufacture 
and installation of such filter capacitor assemblies 
has been relatively costly and difficult. For exam- 
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pie, installation of the discoidal capacitor into the 
small annular space between the terminal pin and 
ferrule can be a difficult and complex multi-step 
procedure to ensure formation of reliable, high 
quality electrical connections. Moreover, installation 
of the capacitor at this location inherently limits the 
capacitor to a small size and thus also limits the 
capacitance thereof. Similarly, subsequent attach- 
ment of the conductive ferrule to the pacemaker 
housing, typically by welding or brazing processes 
or the like, can expose the fragile ceramic discoidal 
capacitor to temperature variations sufficient to cre- 
ate the risk of capacitor cracking and failure. 

There exists, therefore, a significant need for 
improvements in feedthrough filter capacitor as- 
semblies of the type used, for example, in Implan- 
table medical devices such as heart pacemakers 
and the like, wherein the filter capacitor is designed 
for relatively simplified and economical, yet highly 
reliable installation with respect to a conductive 
terminal pin and associated conductive pacemaker 
housing or shield. In addition, there exists a need 
for an improved feedthrough assembly having a 
discoidal capacitor which can be designed to pro- 
vide a significantly increased capacitance for im- 
proved filtering. The present invention fulfills these 
needs and provides further related advantages. 

SUMMARY OF THE INVENTION 

In accordance with the invention, an improved 
feedthrough filter capacitor assembly is provided 
for shielding or filtering undesired interference sig- 
nals from a conductive terminal pin or lead, particu- 
larly of the type used in an implantable medical 
device such as a heart pacemaker or the like. The 
feedthrough assembly comprises a filter capacitor 
adapted for mounting at one side of a terminal pin 
subassembly in coaxial and operative relation with 
an associated terminal pin. In the preferred form, 
the terminal pin subassembly is prefabricated and 
preinstalied onto a conductive substrate shield, 
such as the conductive housing of a heart pace- 
maker. The filter capacitor is then assembled 
quickly and easily onto the pacemaker housing, or 
alternately onto the terminal pin subassembly, in 
surrounding and operative relation with the terminal 
pin subassembly. A counterbore may be formed in 
one side of the filter capacitor to facilitate and 
permit close-fitting component assembly. In an- 
other preferred form, the terminal pin subassembly 
and the capacitor are mounted onto a conductive 
subplate which is then mounted in turn to the 
conductive housing of the medical device. 

The terminal pin subassembly comprises a 
prefabricated unit including at least one conductive 
pin or lead supported within a cylindrical conduc- 
tive ferrule by means of a hermetically sealed 
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insulator ring. The ferrule is then mounted in her- 
metically sealed and electrically conductive relation 
within an opening in the pacemaker housing by 
means of welding or brazing or the like. In this 
configuration, the ferrule is mounted directly on the 
pacemaker housing in electrically conductive rela- 
tion with the pacemaker housing, whereas the ter- 
minal pin provides a conductive lead extending in 
hermetically sealed and electrically insulted relation 
between the exterior and interior of the pacemaker 
housing. 

A discoidal-type filter capacitor is mounted 
onto the pacemaker housing, preferably at an in- 
board surface thereof, with the conductive ferrule 
disposed within the capacitor counterbore. The fil- 
ter capacitor includes a relatively small central 
opening for pass-through reception of the terminal 
pin. A first set of capacitor electrode plates is 
connected electrically to the central capacitor 
opening, as by metallization of the inner diameter 
surface thereof. A second set of capacitor elec- 
trode plates is electrically connected with an ex- 
terior capacitor surface, as by metallization of at 
least a portion of the capacitor exterior. The capaci- 
tor is mounted quickly and easily, preferably by 
means of a conductive adhesive or soldering or the 
like, for electrically connecting the capacitor elec- 
trode plate sets respectively to the terminal pin and 
to the pacemaker housing, in hermetically sealed 
relation therewith. A shallow counterbore is formed 
in one side of the discoidal capacitor, in accor- 
dance one preferred embodiment of the invention, 
to accommodate the ferrule which may protrude 
inwardly a short distance from the pacemaker 
housing. In another embodiment, the ferrule is 
formed to be substantially flush with an inboard 
surface of the housing, wherein the counterbore In 
the capacitor may be omitted. In still another em- 
bodiment, the ferrule and capacitor are assembled 
on a conductive subplate which is adapted in turn 
to mount onto the housing of the medical device. 

In an alternative preferred form of the Invention, 
a plurality of filter capacitors may be formed in 
substantially coplanar array within a common base 
structure. The size and shape of the capacitor base 
structure, in combination with the positions of any 
counterbore formed therein, are provided for 
mounting of the base structure in a single step over 
a corresponding plurality of terminal pin subassem- 
blies preinstalied onto a pacemaker housing. 

Other features and advantages of the present 
invention will become more apparent from the fol- 
lowing detailed description, taken in conjunction 
with the accompanying drawings which illustrate, 
by way of example, the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate the in- 
vention. In such drawings: 

FIGURE 1 is a diagrammatic illustration depict- 
ing a heart pacemaker implanted within the 
body of a patient' 

FIGURE 2 is an enlarged fragmented sectional 
view illustrating a feed through filter capacitor 
assembly embodying the novel features of the 
invention; 

FIGURE 3 is a fragmented vertical sectional 
view of a terminal pin subassembly for use In 
the invention; 

FIGURE 4 is a fragmented sectional view similar 
to FIG. 3, and illustrating mounting of the termi- 
nal pin subassembly onto the conductive hous- 
ing of a heart pacemaker or the like; 
RGURE 5 is a fragmented and inverted vertical 
sectional view similar to FIG. 4, and illustrating 
mounting of a filter capacitor in a position over 
the terminal pin subassembly, at one side of the 
heart pacemaker housing; 
FIGURE 6 is a fragmented vertical sectional 
view similar to FIG. 5, and showing conductive 
attachment of the filter capacitor to a terminal 
pin and to the pacemaker housing; 
FIGURE 7 is an exploded perspective view illus- 
trating one alternative preferred form for the 
filter capacitor for use in the invention; 
FIGURE 8 is an enlarged vertical sectional view 
illustrating the filter capacitor of FIG. 7, in as- 
sembled form; 

RGURE 9 is a fragmented exploded perspective 
view illustrating another alternative preferred 
form of the invention; 

RGURE 10 is an enlarged vertical sectional view 
taken generally on the line 10-10 of FIG. 9; 
FIGURE 11 is an enlarged horizontal sectional 
view taken generally on the line 11-11 of RG. 
10; 

FIGURE 12 is an enlarged horizontal sectional 
view taken generally on the line 12-12 of FIG. 
10; 

FIGURE 13 is an exploded and fragmented per- 
spective view showing another alternative pre- 
ferred form of the invention; 
FIGURE 14 is an enlarged vertical sectional view 
taken generally on the line 14-14 of RG. 13; 
FIGURE 15 is a horizontal sectional view taken 
generally on the line 15-15 of FIG. 14; 
FIGURE 16 is a horizontal sectional view taken 
generally on the line 16-16 of RG. 14; 
RGURE 17 is an exploded and fragmented per- 
spective view depicting a further alternative pre- 
ferred embodiment of the invention; 
FIGURE 18 is another exploded and fragmented 
perspective view of an alternative preferred form 



of the invention; 

RGURE 19 is an exploded and fragmented per- 
spective view of still another alternative pre- 
ferred embodiment of the invention; 

s RGURE 20 is an exploded perspective view 
similar to RG. 19, and illustrating a modified 
form of the invention; and 
RGURE 21 is a fragmented exploded perspec- 
tive view showing a still further alternative form 

to of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

is As shown in the exemplary drawings, a feed th- 
rough capacitor assembly referred to generally In 
FIGURE 2 by the reference numeral 10 is provided 
for suppressing or filtering and shielding undesired 
electrical interference signals from a conductive 

20 terminal pin or lead 12. As shown in FIGURE 1, the 
feedthrough assembly 10 is particularly adapted for 
use in an implantable medical device such as a 
heart pacemaker or defibrillator 14 or the like for 
supplying electrical signals via a lead 16 to the 

25 heart 18 of a patient 20. The feedthrough assembly 
10 is designed for simplified Installation onto a 
conductive housing 22 (RG. 2) of the medical 
device 14 to provide a hermetically sealed elec- 
trical connection to the conductive lead 16 through 

30 the housing 22 for appropriate connection to elec- 
tronic components (not shown) within the medical 
device, while attenuating and shielding unwanted 
interference signals along the lead 12 and thereby 
preventing significant transmission of said signals 

35 into the interior of the housing. 

in general terms, as viewed in RGS. 2 and 5, 
the feedthrough filter capacitor assembly 10 of the 
present invention includes a feedthrough filter ca- 
pacitor 24 in combination with a terminal pin sub- 

<o assembly 26 which can be constructed separately 
from the capacitor as a prefabricated unit, or other- 
wise obtained as an available commercial product. 
The filter capacitor 24 and terminal pin subassem- 
bly 26 are daslrably mounted separately onto the 

<5 pacemaker housing 22, with the capacitor 24 gen- 
erally surrounding and preferably overlying the ter- 
minal pin subassembly 26. In some embodiments, 
the capacitor may be mounted directly to the termi- 
nal pin subassembly, before or after attachment 

so thereof to the housing 22. With these configura- 
tions, as will be described in more detail, the 
components of the feedthrough assembly 10 can 
be constructed and installed in a cost-efficient and 
reliable manner, while providing the terminal pin 12 

66 with effective attenuation and shielding against pas- 
sage of unwanted noise signals. 

The terminal pin subassembly 26 is shown 
best in FIGS. 3 and 4 to include the conductive 
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lead 12 formed typically from a selected and 
biocompatible metaJ, such as platinum, tantalum or 
niobium wire or the like. The conductive lead or pin 
12 is provided, as is known in the art, for passage 
of electrical signals through the housing 22, with 
one or more such conductive pins 12 being re- 
quired in a typical pacemaker or defibrillator ap- 
plicator in accordance with the number of leads 16. 
The conductive pin 12 is adapted for electrical 
connection (not shown) to the associated lead 16. 
and further to electronic control circuitry (also not 
shown) within the pacemaker housing of the medi- 
cal device, as known to persons skilled in the art. 

As shown in FIG. 3, the terminal pin 12 is 
supported within an outer cylindrical ferrule 28 
formed from a suitable conductive material, such 
as titanium or titanium alloy. The terminal pin 12 is 
supported within the ferrule 28 in spaced noncon- 
ductive relation, by means of an insulative mount- 
ing ring or bead 30. This insulator ring 30 provides 
a hermetic seal to prevent passage of body fluids 
through the terminal pin subassembly 26, when 
said subassembly is mounted onto the pacemaker 
housing 22. Glass-fired or ceramic-based materials 
such as polycrystaline alumina, sapphire crystal or 
the like are commonly used to form the insulator 
ring 30. Examples of prefabricated terminal pin 
subassemblies of this general type are shown and 
described in more detail in U.S. Patents 3,920,888 
and 4,421,947 which are incorporated by reference 
herein. 

As shown in RG. 4, in accordance with the 
apparatus and method of the present invention, the 
prefabricated terminal pin subassembly 26 is 
adapted for quick and easy mounting onto the 
housing 22, within a preformed opening 32 formed 
therein. In this regard, the preferred ferrule shape 
includes an outboard end segment 28* of expanded 
diametric size to define a radially outwardly projec- 
ting shoulder 34 sized to seat against an outboard 
surface of the housing 22, with the smaller diam- 
eter inboard end of the ferrule 28 projecting axially 
through the opening 32 to the interior of the pace- 
maker housing. The ferrule 28 is securely con- 
nected to the conductive housing 22, formed typi- 
cally from titanium or titanium alloy, by means of a 
welded or brazed connection 38. Importantly, this 
connection 38 forms a high quality electrical con- 
nection between the ferrule 28 and the housing 22, 
while additionally providing a hermetic seal there- 
between. The terminal pin 12 is thus supported on 
the housing 22, in hermetically sealed and elec- 
trically insulated relation, for passage through the 
housing opening 32. 

The filter capacitor 24 comprises, in the form 
shown in FIGS. 2, 5 and 6, a discoidal capacitor 
having first and second sets of electrode plates 40 
and 42 embedded within an insulative or dielectric 



base structure 44 of ceramic monolith construction 
or the like. Although the exemplary drawings show 
in exaggerated scale a pair of conductive plates 40 
in parallel staggered relation with a corresponding 
5 pair of the conductive plates 42, it will be under- 
stood that a large plurality of typically 5-40 conduc- 
tive plates 40 will be provided in altematingry 
stacked and parallel spaced relation with a cor- 
responding number of the plates 42. One side of 

io the illustrative discoidal capacitor defines a courv- 
terbore 46 having a sufficient radial size and axial 
depth to permit placement of the capacitor 24 in 
seated relation against the inboard surface of the 
housing 22. with the inboard-extending portion of 

75 the ferrule 28 received within the capacitor counter- 
bore 46. In this configuration, the terminal pin 12 
projects through a central opening 48 in the capaci- 
tor 24. wherein this central opening 48 is coaxially 
aligned with the counterbore 46. 

20 The set of inner electrode plates 40 include 
marginal edges communicating with the inner di- 
ameter surface of the discoidal capacitor 24, at the 
central opening 48. As known in the art, this central 
opening is normally lined with a metallized or sil- 

25 verized or plated metallic film for electrically con- 
necting the plates 40 to each other. Similarly, the 
second or outer set of the electrode plates 42 
include outer margins disposed at the periphery of 
the capacitor base structure 44, wherein these out- 

30 er plates 42 are electrically connected to each 
other by an appropriate metallized or sitverized or 
plated metallic film. These metallized films at the 
inner and outer surfaces of the capacitor 24 are 
identified in FIGS. 5 and 6 by the reference nu- 

35 morals 50 and 52, respectively. 

FIGS. 5 and 6 depict a preferred method of 
constructing the feedthrough capacitor assembly 
10, wherein the filter capacitor 24 is placed over 
the inverted terminal pin subassembly 26. An op- 

40 tional disk-shaped epoxy preform 53 (FIG. 5) can 
be positioned about the terminal pin 12 at 8 loca- 
tion sandwiched between the inboard-extending 
end of the ferrule 28 and the bottom of the capaci- 
tor counterbore 46. In this position, the epoxy 

45 preform 53 supports the capacitor 24 in slight 
spaced relation above the inboard face of the hous- 
ing 22. The partially assembled structure as de- 
scribed is placed in an oven and subjected to heat 
represented by arrows 51 in an amount sufficient to 

so cause the epoxy preform 53 to melt and flow. As 
the melting of the preform occurs, a portion of the 
epoxy is drawn into the adjacent end of the capaci- 
tor opening 48 to close and seal that opening at 
the counterbore 46 (FIG. 6). Additional epoxy flows 

55 down around the ferrule 28, concurrently with 
downward movement of the capacitor 24 to a posi- 
tion seated flush on the housing 22. Sufficient 
epoxy flows to the juncture of the housing 22 and 
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the counterbore periphery to secure or fixture the 
capacitor onto the housing 22, when the epoxy 
cures to a rigid state. 

The metallized surface 50 within the centra) 
capacitor opening 48 is then connected electrically 
to the terminal pin 12 by means of a conductive 
adhesive bead 54, or by soldering or brazing or the 
like. In the preferred form, the conductive adhesive 
54 is applied to the annular gap between the pin 12 
and the capacitor surface 50, and allowed to fill a 
portion (about one-half) of the gap length. Similarly, 
the metallized surface 52 associated with the outer 
electrode plates 42 of the capacitor is connected 
electrically to the inboard surface of the pacemaker 
housing 22 by means of an additional fillet 56 of 
conductive adhesive or the like. One preferred con- 
ductive adhesive comprises a curable polyimide 
adhesive loaded with conductive particles such as 
spheres or flakes, as described by way of example 
in U.S. Patent 4,424,551, which is incorporated by 
reference herein. However, it will be understood 
that other conductive connecting means may be 
used, such as solder, braze or the like. Importantly, 
the adhesive beads 54, 56 establish an electrically 
conductive mounting of the capacitor 24 in a se- 
cured stable manner to the housing 22. 

In use, the thus-installed capacitor 24 effec- 
tively decouples and shields unwanted noise sig- 
nals from the conductive lead 12, by capacitiveiy 
connecting those signals to the housing 22. That is, 
the housing 22 cooperates with the capacitor 24 
and the terminal 26 to form an integral shield which 
reflects and absorbs the undesired radiated noise 
signals and thereby prevents entry of those signals 
into the interior of the housing. Installation of the 
capacitor 24 in association with the terminal pin 
subassembly 26, in overlying and surrounding rela- 
tion therewith, is significantly easier than conven- 
tional capacitor installation into the small annular 
gap formed radially between the conductive pin 12 
and ferrule 28 of the terminal pin subassembly. In 
addition, the diametric size of the capacitor is not 
restricted to the size of the small annular gap, 
whereby a fitter capacitor of significantly increased 
capacitance for improved filter efficiency can be 
used. Moreover, mounting of the capacitor 24 sub- 
sequent to welded or brazed connection of the 
terminal pin subassembly 26 to the housing 22 
avoids exposure of the ceramic capacitor structure 
to high welding temperatures. 

One alternative preferred form of a feedth rough 
discoidal filter capacitor for use in the present 
invention is shown in FIGS. 7 and 8, wherein a 
modified filter capacitor 24' is formed by assembly 
of a primary base structure 44' wHh a mounting 
ring 60. More specifically, the capacitor base struc- 
ture 44* comprises a conventional discoidal capaci- 
tor having the sets of conductive plates 40 and 42 



embedded therein. This discoidal capacitor can be 
produced according to conventional techniques to 
include the relatively small central opening 48. The 
mounting ring 60 is formed from a structure which 

5 corresponds to or is otherwise compatible with the 
capacitor base structure 44', to include a conform- 
ing outer peripheral shape in combination with a 
central opening 62 which is much larger than the 
opening 48. These two components 44* and 60* are 

io connected together in coaxial relation by suitable 
bonding as viewed in FIG. 7. These components 
can be formed from similar ceramic material and 
bonded together in the unfired or green state fol- 
lowed by co-firing to form a single monolith struo 

75 ture. Alternately, the components can be individ- 
ually fired and thereafter bonded by glass frit at 
approximately 600 °C. nonconductive polyimide at 
about 270°C, or epoxies at about 150*C. The 
central opening 48 and the peripheries of both 

20 components 44', 60 are then metallized with the 
film surfaces 50 and 52, as previously described. 
The assembled components cooperatively define 
the counterbore 46 for receiving the ferrule 28 of a 
terminal pin subassembly, as previously described. 

25 A radially open vent or notch 64 may be formed in 
the mounting ring 60 to accommodate vented pas- 
sage of outgas constituents in the course of curing 
conductive adhesive materials. The metallized sur- 
face 52 is continued on the exterior of the mount- 
so ing ring 60 for electrical connection to the housing 
22, all in accordance with the method of assembly 
as previously described. 

FIGS. 6-12 illustrate another alternative pre- 
ferred form of the invention, wherein a further 

35 modified capacitor base structure 44" includes a 
plurality of feedthrough filter capacitors disposed in 
a unitized and substantially planar array with each 
fitter capacitor defined by sets of embedded elec- 
trode plates 40* and 42*. In this configuration, each 

to fitter capacitor is associated with a corresponding 
counterbore 46' for mounting over the ferrule 28 of 
a corresponding terminal pin subassembly 26. The 
multicapadtor base structure 44" can be construct- 
ed as a monolithic base in the manner described 

45 with respect to FIGS. 2, 5 and 6, or in the form of 
assembled base components as described with 
respect to FIGS. 7 and 8. Moreover, as viewed in 
RG. 11, the outer ground electrode plates 42* for 
the multiple filter capacitors may be common 

so plates. In a medical device 14 having multiple 
conductive leads 12, the single capacitor structure 
44" having the multiple coptanar filter capacitors 
therein may be Installed onto the inboard side of 
the housing 22 in a single step, by installing the 

65 monolithic capacitor base structure over several 
terminal pin subassemblies 26 (RG. 9). Once 
again, the outer grounding electrodes 42* can be 
connected to the housing 22 by means of conduc- 
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tive adhesive or the like, with the terminal pin 12 of 
each terminal pin subassembly 26 also connected 
quickly and easily to the associated capacitor by 
means of conductive adhesive. 

FIGURES 13-16 show another alternative form 
of the invention, wherein a modified feedthrough 
filter capacitor assembly 100 is formed by a com- 
bination of a feedthrough filter capacitor 124 with a 
conventional and commercially available multi con- 
ductor terminal pin subassembly 126. The illustra- 
tive terminal pin subassembly has four parallel 
terminal pins 112 supported in insulative relation 
within a typically glass-based or ceramic based 
insulator ring 130 mounted in turn within a cylin- 
drical conductive ferrule 128. The ferrule 128 in- 
cludes a radially outwardly projecting flange 134 
for secure attachment in a hermetically sealed 
manner, as by welding or brazing, to a conductive 
housing 22 of an implanted medical device or the 
like. The ferrule flange 134 supports the ferrule 128 
with quad-mounted terminal pins 112 extending 
through an opening 32 in the housing. 

Subsequent to mounting of the terminal pin 
subassembly 126, as described, the capacitor 124 
is mounted onto the inboard side or face of the 
housing 22. The illustrative capacitor 124 includes 
a counterbore 146 in one side thereof to accom- 
modate the inboard-projecting portions of the termi- 
nal pin subassembly 126. A series of four openings 
148 are formed in the capacitor 124 for through 
passage of the four terminal pins 112. As shown in 
FIGS. 14-16, the capacitor openings 148 are in- 
dividually associated with pie-shaped inner conduc- 
tive electrode plates 140 stacked in alternate array 
with commonly formed ground electrode plates 
142. The inner plates are electrically connected at 
the associated opening 148, by a metallized sur- 
face film 150, and the ground plates are electrically 
connected at the capacitor periphery to a metal- 
lized surface film 152. TTie capacitor 124 is moun- 
ted onto the housing 22, in respective electrical 
connection with the housing 22 and the multiple 
terminal pins 1 12 in the same manner as described 
previously with respect to FIGS. 1 through 12. 

Another alternative embodiment is shown in 
FIG. 17, wherein a flush-mounted feedthrough filter 
capacitor 224 is provided for installation at the 
inboard face of a conductive housing 22 or the like 
in operative association with a terminal pin sub- 
assembly 226. In this configuration, the terminal pin 
subassembly includes a ferrule 228 mounted by an 
outer flange 234 to the housing 22, with an insula- 
tor ring 230 contained within the ferrule and sup- 
porting a pair of feedthrough terminal pins 212. The 
ferrule 228 and insulator ring 230 are designed to 
define a flush surface which does not protrude 
beyond the Inboard face of the housing 22 into the 
housing interior. The capacitor 224, shown with a 



pair of openings 248 for through passage of the 
terminal pins 212 may thus omit the counterbore 
described with respect to other embodiments of 
the invention. Importantly, however, the capacitor 
5 224 is mounted in operative association with the 
terminal pins 212 in the same manner as pre- 
viously described, subsequent to mounting of the 
terminal pin subassembly onto the housing 22. 
Appropriate sets of conductive plates are contained 

10 within the capacitor 224 to provide the desired 
signal filtering and shielding function. 

FIGURE 18 depicts another modified assembly 
adapted for convenient installation along a seam 70 
defined upon assemblage of conductive shells 72 

16 and 74 which cooperatively define the housing 22 
of the pacemaker or the like. In this version of the 
invention, a terminal pin subassembly 362 includes 
a modified ferrule 328 having the insulator ring 330 
and associated terminal pin or pins 312 supported 

20 therein. The modified ferrule 328 is adapted for 
assembly with a feedthrough filter capacitor 324, 
which may correspond with the capacitor 224 of 
FIG. 17 modified to include a counterbore 346 
surrounding the terminal pin openings 348. 

25 The ferrule 328 of FIG. 18 includes outboard 
and inboard flanges 334 and 335 spaced apart 
sufficient to define an outwardly open circumferen- 
tial groove to receive adjacent edges of the hous- 
ing shells 72 and 74. The ferrule 328 is preassem- 

30 bled first to one of the housing shells 72 or 74, 
followed by appropriate mounting of the capacitor 
324 to the inboard flange 335. In this regard, the 
inboard flange has a sufficient radial size for ca- 
pacitor mounting thereto in the same manner as 

35 previously described with respect to mounting of 
the feedthrough capacitor directly to the housing. 
The other housing shell is then fitted with the 
ferrule to close the housing 22, and a hermetic seal 
can be formed as by welding the periphery of the 

<o outboard flange 334 to the housing. The seam 70 
is also closed in the same manner to provide a 
hermetic seal. 

FIGURE 10 shows another multicapacitor em- 
bodiment wherein an elongated micro-planar array 

45 feedthrough capacitor 424 including internal con- 
ductive plate sets (not shown) is adapted for 
mounting onto the inboard side of a pacemaker 
housing 22 or the like. The capacitor 424 is shown 
with two pairs of through openings 448 disposed to 

50 receive terminal pins 412 of a pair of bipolar termi- 
nal pin subassemblies 426. Each terminal pin sub- 
assembly 426 includes an insulator ring 430 to 
support the associated pair of terminal pins within a 
conductive outer ferrule 428 shown with a shape 

56 generally corresponding with the ferrule 128 of FIG. 
13. The ferrules 428 are adapted for mounting as 
by welding or brazing onto a subplate 80 of con- 
ductive metal having openings 82 therein. The ca- 
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pad tor 424 is then mounted onto the inboard side 
of the subplate 80, in operative relation with the 
terminal pins 412, in the same manner as pre- 
viously described. The subplate 80 is thereafter 
mounted over an elongated opening 32' in the 
housing 22 by welding or soldering. As elongated 
counterbore 446 is formed as by machining into 
one side of the capacitor base to accommodate 
inboard - extending portions of the terminal pin 
assemblies. In this embodiment, a rectangular 
feedthrough capacitor structure is shown in relation 
to the pair of terminal pin subassemblies of circular 
cross-sectionai shape. 

A modified multicapacitor embodiment is 
shown in FIG. 20, wherein structural components 
corresponding with those depicted in FIG. 19 are 
identified by the same reference numerals. As 
shown, a pair of bipolar terminal pin subassemblies 
426 having terminal pins 412 are mounted onto a 
modified subplate 80', to extend through openings 
82 in the subplate. The modified subplate 80' in- 
cludes upper and lower, outwardly radiating flanges 
434 and 435 defining a circumferential groove. The 
subplate 80* is adapted in turn for installation within 
the housing opening 32', defined by aligned half- 
openings formed in adjacent interfitting housing 
shells 72 and 74 of the type shown previously in 
FIG. 18. The subplate 80\ with terminal pin subas- 
semblies 426 thereon, is assembled first to one of 
the housing shells 72 or 74, followed by mounting 
of the mutticonductor capacitor 424 onto the in- 
board flange 435, and follow-on assembly of the 
other housing shell within subplate groove. Alter- 
nately, the capacitor 424 can be assembled to the 
inboard flange of the subplate 80' with terminal pin 
subassemblies pre-installed thereon, followed by 
installation of the housing shells with the subplate 
groove. 

Mounting of a feedthrough capacitor onto a 
terminal pin subassembly prior to installation onto 
the housing is shown in more detail in FIG. 21, 
wherein a bipolar terminal pin subassembly 326 
and associated feedthrough capacitor 324 are pro- 
vided of the type depicted previously in FIG. 18. In 
this version, the p re-constructed terminal pin sub- 
assembly 326 is mounted on the feedthrough ca- 
pacitor 324. preferably by means of an annular 
bead 356 of conductive adhesive or the like applied 
to the capacitor at the periphery of the inboard 
ferrule flange 335. This resultant feedthrough as- 
sembly is then installed onto one of the associated 
housing shells 72 or 74, with the recess edge of 
the housing shell fitted into the groove defined 
between the ferrule flanges 334, 335. Electrical 
connections to the terminal pins of the medical 
device can then be completed, followed by assem- 
bly with the other housing shell to close and seal 
the housing. 



The improved feedthrough capacitor assembly 
of the present invention may thus be implemented 
in a variety of specific configurations to provide a 
simplified and economical assembly of a feedth- 
5 rough fitter capacitor with a prefabricated terminal 
pin subassembly. In view of the embodiments as 
shown and described, it will be understood that 
features of the disclosed forms may be interchan- 
ged to provide a terminal pin subassembly of any 

10 desired configuration adapted for mounting onto a 
device housing or the like, in combination with a 
feedthrough capacitor installed in operative relation 
with one or more terminal pins. In such embodi- 
ments, abrasive or microblast surface preparation 

is of titanium materials may be desirable to remove 
surface oxides preparatory to the steps of welding, 
brazing, or application of conductive adhesives, 
etc., in order to obtain optimum electrical and her- 
metically sealed connections. In use, the feedth- 

20 rough filter capacitor both suppresses and shields 
against undeslred interference signals to prevent 
passage of those interference signals along the 
conductive lead pin 12, particularly in a heart pace- 
maker application or the like. 

26 A variety of further modifications and improve- 
ments to the feedthrough filter capacitor assembly 
of the present invention will be apparent to those 
persons skilled in the art Accordingly, no limitation 
on the invention is intended by way of the fore- 

30 going description and accompanying drawings, ex- 
cept as set forth In the appended claims. 

Claims 

35 1. A feedthrough filter capacitor assembly for use 
in an implantable medical device, said assem- 
bly comprising: 

at least one conductive terminal pin; 
means for mounting said terminal pin for 
40 passage through an opening formed in a con- 
ductive substrate with said terminal pin and 
substrate in nonconductive relation; and 

a feedthrough filter capacitor adapted for 
mounting axially at one outer side of said ter- 
45 minal pin mounting means and having a cen- 
tral opening formed therein for pass-through 
reception of said terminal pin; 

said capacitor having first and second sets 
of electrode plates adapted for electrical con- 
so nection respectively to said terminal pin and 
substrate. 

2. The feedthrough filter capacitor assembly of 
claim 1 wherein said filter capacitor comprises 

65 a discddal capacitor. 

3. The feedthrough filter capacitor of claim 2 
wherein said discoidal capacitor has a radially 
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open vent formed therein. 

4. The feedthrough filter capacitor of claim 1 
wherein said terminal pin mounting means in- 
cludes means for hermetically sealing passage 
of said terminal pin through said substrate 
opening. 

5. The feedthrough capacitor assembly of claim 1 
wherein said terminal pin mounting means 
comprises a conductive ferrule adapted for 
mounting onto the substrate in a position ex- 
tending through the substrate terminal pin from 
said ferrule in electrically insulated relation. 

6. The feedthrough filter capacitor assembly of 
claim 5 wherein said terminal pin, ferrule and 
insulator means comprises a prefabricated ter- 
minal pin subassembly. 

7. The feedthrough filter capacitor assembly of 
claim 1 wherein said feedthrough filter capaci- 
tor is mounted onto the substrate. 

8. The feedthrough filter capacitor assembly of 
claim 1 wherein said terminal pin mounting 
means includes a conductive ferrule adapted 
for mounting onto the substrate in a position 
extending through the substrate opening, said 
feedthrough filter capacitor being mounted 
onto said ferrule. 

9. The feedthrough filter capacitor assembly of 
claim 1 wherein said capacitor has a recess 
formed at one side thereof for receiving at 
least a portion of said terminal pin mounting 
means whereby said capacitor circumferential- 
ly surrounds at least a portion of said terminal 
pin mounting menas. 

10. The feedthrough filter capacitor assembly of 
claim 1 further including first means for elec- 
trically connecting said first set of electrode 
plates to said terminal pin, and second means 
for electrically connecting said second set of 
electrode plates to the substrate. 

11. The feedthrough filter capacitor assembly of 
claim 10 wherein said first means and said 
second means comprise a conductive adhe- 
sive. 

12. The feedthrough filter capacitor assembly of 
claim 0 wherein said filter capacitor comprises 
a base structure having said first and second 
sets of electrode plates embedded therein and 
further having said central opening formed 
therein, and a mounting ring mounted on said 
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base structure at one side thereof, said base 
structure and said mounting ring cooperatively 
defining said recess. 

5 13. The feedthrough filter capacitor assembly of 
claim 7 wherein said substrate comprises a 
subplate adapted for mounting onto a housing 
of the medical device. 

io 14. A feedthrough filter capacitor assembly for use 
in an implantable medical device, said assem- 
bly, comprising: 

a conductive substrate having an opening 
formed therein; 

is a terminal pin subassembly including at 

least one elongated conductive terminal pin. a 
cylindrical conductive ferrule, and insulator 
means for mounting said terminal pin to extend 
through said ferrule in hermetically sealed, 

20 electrically insulated relation therewith; 

means for mounting said terminal pin sub- 
assembly onto said substrate with said termi- 
nal pin extending through the substrate open- 
ing and with said ferrule projecting generally 

25 coaxially with said substrate opening; 

a feedthrough filter capacitor including a 
dielectric base having at least one central 
opening formed therein, said dielectric base 
having embedded therein a first set of elec- 

30 trode plates each having a marginal edge ex- 
posed within said central opening, and a sec- 
ond set of electrode plates each having a 
marginal edge exposed at a selected outer 
surface of said base at a position remote from 

35 said central opening; and 

means for mounting said filter capacitor at 
one side of said substrate and axiaily at one 
outer side of said terminal pin mounting 
means, with said first and second sets of elec- 

40 trode plate electrically connected respectively 
to said terminal pin and said substrate. 

15. The feedthrough filter capacitor assembly of 
claim 14 wherein said filter capacitor mounting 

45 means comprises a conductive adhesive. 

16. The feedthrough filter capacitor assembly of 
claim 14 wherein said feedthrough filter ca- 
pacitor is mounted onto the substrate. 

50 

17. The feedthrough filter capacitor assembly of 
claim 14 wherein said capacitor is mounted 
onto said ferrule. 

55 18. The feedthrough filter capacitor assembly of 
claim 14 wherein said capacitor has a recess 
formed at one side thereof for receiving at 
least a portion of said terminal pin mounting 

9 
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means whereby said capacitor circumferential- 
ly surrounds at least a portion of said terminal 
pin mounting means. 

19. A method of mounting a feedthrough filter ca- 
pacitor to a conductive substrate, for use in an 
implantable medical device, said method com- 
prising the steps of: 

forming a terminal pin subassembly, in- 
cluding at least one elongated conductive ter- 
minal pin, a cylindrical conductive ferrule, and 
insulator means for mounting said terminal pin 
to extend through said ferrule in hermetically 
sealed, electrically insulated relation therewith; 

mounting the terminal pin subassembly 
onto a conductive substrate with the terminal 
pin extending through a substrate opening and 
with said ferrule projecting generally coaxially 
with said substrate opening; 

forming a feedthrough filter capacitor in- 
cluding a dielectric base having at least one 
central opening formed therein, said dielectric 
base having embedded therein a first set of 
electrode plates each having a marginal edge 
exposed within said central opening, and a 
second set of electrode plates each having a 
marginal edge exposed at a selected outer 
surface of said base at a position remote from 
said central opening; and 

mounting said filter capacitor onto a se- 
lected one of said substrate and said ferrule at 
one side of said substrate and axially at one 
outer side of the terminal pin subassembly, 
with said first and second sets of electrode 
plates electrically connected respectively to 
said terminal pin and said substrate. 

20. A method of mounting a plurality of feedth- 
rough filter capacitors to a conductive sub- 
strate for use in an implantable medical device, 
said method comprising the steps of: 

forming a plurality of terminal pin subas- 
semblies each Including an elongated conduc- 
tive terminal pin, a cylindrical conductive fer- 
rule, and insulator means for mounting said 
terminal pin to extend through said ferrule in 
hermetically sealed, electrically insulated rela- 
tion therewith; 

mounting the terminal pin assemblies onto 
the substrate with the terminal pins extending 
respectively through the substrate in hermeti- 
cally sealed, electrically insulated relation 
therewith; 

forming a plurality of filter capacitors each 
including a dielectric base having a central 
opening formed therein, said dielectric base 
having embedded therein a first set of elec- 
trode plates each having a marginal edge ex- 



posed within said central opening, and a sec- 
ond set of electrode plates each having a 
marginal edge exposed at a selected outer 
surface of said base at a position remote from 

s said central opening, and wherein the base of 
each of said capacitors comprises a unitary 
base structure; and 

mounting said unitary base structure onto 
a selected one of the substrate and ferrule 

10 axially at one side of the terminal pin subas- 
semblies, with said first and second electrode 
sets of each of said capacitors electrically con- 
nected respectively to the associated one of 
the terminal pins and to the substrate. 

rs 

21. A method of mounting a feedthrough filter ca- 
pacitor to a conductive substrate, for use in an 
implantable medical device, said method com- 
prising the steps of: 

20 forming a terminal pin subassembly, in- 

cluding at least one elongated conductive ter- 
minal pin, a cylindrical conductive ferrule, and 
insulator means for mounting said terminal pin 
to extend through said ferrule in heremeticaliy 

25 sealed, electrically insulated relation therewith; 

forming a feedthrough filter capacitor in- 
cluding a dielectric base having at least one 
central opening formed therein, said dielectric 
base having embedded therein a first set of 

30 electrode plates each having a marginal edge 
exposed within said central opening, and a 
second set of electrode plates each having a 
marginal edge exposed at a selected outer 
surface of said base at a position remote from 

35 said central opening; 

mounting said fitter capacitor axially at one 
outer side of said ferrule with said first and 
second sets of electrode plates electrically 
connected respectively to said terminal pin and 

40 said ferrule; and 

thereafter mounting the terminal pin sub- 
assembly onto the conductive substrate with 
the terminal pin extending through a substrate 
opening and with said ferrule projecting gen- 

45 orally coaxially with said substrate opening. 
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